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(S4)TUIe: DATA DISCARD MECHANISM FOR SHJBCnVE REPEAT PROTOCOL 
(57) Abstract 

A mare effective discard mechanism for Selective Repeat ARQ is achievable, 
where the discard mechanism exhibits a sender-initiated discaid signaling 8cheml^' 
The discard mechanism is also more effective whme it takss into consideration fiie 
segmentation and reassembly of upper layM data packets, if such is being empl(»yed, 
and where it is able to notify the leceiver when data units have been discarded at flie 
sender, regardless whether explicit discard sigoaUng firom the sender to the leceivo' 
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5 FIELD OF INVENTION 

Tfae present invention involves tbe field of telecomniiinications. Moie particularly, 
the present invention involves the use of Autonratic Repeat Request <ARQ) in 
wireline and wireless tdeconmmtucations systems and data netwocks. 

10 BACKGROUND 

Automatic Repeat Request (ARQ) is a commonly used technique in 
telecommunications systems and data networks. It is used to ensure the reliable 
delivery of protocol data units (PDUs) from a sending entity (herein referred to as 
a sender) to a receiving entily (herein referred to as a receiver). In goieral, ARQ 

IS enq>loys an emir detection code durinig data transmission. The error detection 
code allows the receiver to detennine whetiier a given PDU was correctly 
received. ARQ also employs a feedback mechanism, which the receiver uses to 
notify the sender that a PDU was or was not conecfly received. The sender may 
then retransmit tfae PDU based on the feedback provi^ by tfae receiver. 

20 Generally, there are dnree main ARQ types: Stop-and-Wait, Go-Back-N, 

and Selective Repeat. In accordance witii the Stop-and-Wait ARQ, a sender does 
not send a PDU to the receiver until it receives positive acknowledgment from tibe 
receiver that the previous PDU has been received. In accordance with the Go- 
Back-N ARQ, tiie sender may transmit one or more PDUs before it receives 

25 positive acknowledgement (Ack) from the receiver regarding previous PDUs. If, 
however, the sender receives a negative acknowledgement (Nack) from the 
receiver indicating that a previous PDU was not received, the sender retransmits 
fb& missing or mcorrectiy received PDU, as well as all subsequent PDUs, whether 
or not they were received corrcctiy. In accordance with the Selective Repeat 

30 ARQ, the receiver provides a combination of n^ative acknowledgments and 
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positive acknowledgments. The sender then letransmits those PDUs which were 
not received, but the sender does not retransmit, as in Go-Badc-N ARQ, all 
subsequent PDUs. Of course, there are any number of different variants 
associated with each of flie three main ARQ types. 
5 Normally, PDUs are delivered from the sender to tte receiver without 

allowing for the loss of these PDUs. The reason for this is that conventional ARQ 
techniques retransmit a PDU imtil it is successfully received at the receiver and 
acknowledged at the sender. However, indefinite retransmission is unrealistic and 
undesurable. Accordingly, it is sometimes advantageous to terminate the 

1 0 retransmission process and discard the PDU. 

The mechanism employed to discard PDUs sbouM, of course, effidently 
discard the PDUs in a timely manner, la. doing so, the chance of transmitting 
obsolete dala is TnimTniy<y!. For instance, there are many applications, such as 
real-tune voice and video implications, whexe the data being transmitted is usefiil 

15 for only a very short period of time. Beyond lhat, the data is obsolete. 

Transmitting sudi data is not only useless, it wastes network resources as well as 
bandwidth. 

The discard mechanism employed should also discard PDUs in an effiective 
manner so as to avoid, or at least minimize, situations that could lead to deadlock. 

20 In addition, the discard mechanism should provide a discard signaling scheme that 
guards against such things as PDU identification ambigoity, de-allocation of hoput 
buffer space at the receiver before a carrespcoding PDU is actually discarded at 
the sender, or the like. Moreover, the discard mechanism should provide a way to 
notify tide receiver when PDUs have been discarded at the sender, even if there is 

25 no provision in the protocol for explicit s ignaling 

Additionally, the discard mechanism should take into consideration the 
segmentation and reassembly of upper layer data packets, such as Intemet Protocol 
data packets, wherein segmentation and reassembly is a common technique used in 
transporting upper layer data packets. For the purpose of simplicity, upper layer 
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data packets are simply referred to herein below as "data pacjcets". Where 
segmentadon and reassembly of data packets is employed, several PDUs may be 
required to transport the data associated witb a single data packet. Accordingly, 
the receiveT must be able to detennine, among other things, the correct sequence 
S of die PDUs, and determine the data packet to which each PDU belongs. 

Typically, this is accomplished by assigning each PDU a sequence number, wbere 
sequence numbers may, for examplt, range from 0 to 2'''^ in accordance with a 
modulo 2 format, where k represents the number of bits which ccn^rise a 
sequence mmiber, and by adding a start bit and stop bit to the fast and last PDU 

10 associated with each data packet respectively. The discard mechanism must be 
able to recognize when a PDU associated with a data, packet has been discarded 
and, at the sender, discard die entire data packet with wbisHi the discarded PDU is 
associated. Also, if the receiver has already received any PDU associated with 
that data packet, the discard mechanism must be able to notify the receiver to 

IS discard these PDUs as well. 

Of course, there are a number of known discard mechanisms for ARQ. 
One such discard medianism involves a receiver-initiated discarding signaling 
scheme. However, this technique is not overly attractive, particularly because the 
sender, and not the receiver, is a better position to determme how aiKl when to 

20 cease the retransmission of and die discarding of PDUs. 

In accordance with another discard mBghflnigm described in co-pending 
U.S. Patent Application No. 09/179,952, "ARQ Discard Capability," a single bit 
called the receive packet eofoicement bit (RPEB) m the header portion of each 
PDU is used to notify the receiver diat it should not expect to receive PDUs having 

25 a lower sequence number, and that the receiver should accept that PDU out of 

sequence. Although that application does show that the RPEB could be applied to 
Selectively Repeat ARQ, the application is primarily directed at discard signaling 
for die Go-Back-N type ARQ. 
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In co-pending U.S. Piteit Application No. 09/245,866, "Prime ARQ 
Control Flow Including Cell Discard," yet another discard mechanism is 
described, la this application, however, Ihe discard mwrhanism is designed to be 
used in conjunction with prime ARQ, a variable of Go-Back-N and Selective 
5 Repeat ARQ. 

Accordingly, it would be desirable to provide a discard mechanism that 
exhibits each of the various capabilities descaribed above. More particularly, it 
would be desirable to provide a sender-initiated discard mechanism that is 
specifically designed to operate efiEidently and effectively with Selective Repeat 
10 ARQ. 



SUMMARY OF THE mVENnON 
The present invention mvolves the use of ARQ techniques to help ensure 
the reliable ddiveiy of data pado^, herein le&ized to as protocol data units 
IS (PDUs) fixnn a sender to a receiver. More specifically, the present invention 

mvolves a Selective Repeat ARQ technique wiadi employs a sender-initiated PDU 
discard mechanism that is specifically designed to be used in conjimctian with 
Selective Repeat ARQ, 

Accordingly, it is an objective of the present invention to provide a discard 
20 mechanism for selectively repeat ARQ that enq)loy8 sender-initiated signaling 
rather than receiver-imtiated signaling. 

It is another objective of the present invention to provide a sender-initijded, 
discarding mechanism for Sdective Repeat ARQ that takes into consideration tiie 
segmentation and reassembly of data packets. 
25 It is still another objective of the present invention to provide a sender- 

initiated discard mechanism for selective repeat ARQ, even when there is no 
explicit discard signaling capability. 

In accordance with a first aspect of the present invention, the above- 
identified and other objects are achieved by a mediod for discarding data units for 
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Selective Repeat ARQ. The mediod involves transmittiiig a first data unit from a 
sender to a receiver and iTiifraring a first * im^ in coniffiction widi the transmission 
of the first data unit. The method also involves transmitting a second data unit 
from the sender to the receiver, and initiating a second timer in connection with 
5 the second data unit being received. At the s^der, the first data unit is discarded 
if a time period corresponding to the first timer expires before the sender receives 
an acknowledgment firom the receiver that the first data unit was received. 
Thereafter, a purge operation is performed at the receiver, as a function of the 
second data unit, if a time period corresponding to the second timer expures before 

10 the first data unit is received. 

In accordance widi a second aspect of the present invention, the above- 
identified and other objects are achieved by a method for discarding data units for 
Selective Repeat ASQ. Hie method involves transmittiiig, fiom a sendex to a 
receiver, a plurality of data units, where each of the plurailily of data units is 

IS associated witii a common data pacicet, and where each of the data units is assigned 
a sequence number representing tiie order in which the corresponding data unit is 
tr ansmi tted. Furthermore, a first tuner is initiated in connection with the 
transmission of the first of the plurality of data units, and a second timer is 
initiated if one of the plurality of data units is received when the receiver is still 

20 expecting to receive a data unit having a sequence number that indicafffis that ttie 
data unit was transmitted before the one of the pluialiiy of data units. Then, at tiie 
solder, each of the plurality of data units associated with the common data packet 
is discarded if any one of the plurality of data tmits has not been acknowledged as 
being received before a time period associated with the first timer expices. At the 

25 receiver, a purge opraation is tiien performed as a fonction of the one of the 

plurality of data units, if a time period associated with the second timer expires 
and the receiver is expecting to receive a data unit having a sequence number 
which indicates that it was transmitted before die one of the plurality data units. 
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In accoidance with a diird aspect of the present invention, the above- 
identified and oibex objects are achieved by a method for discarding data tmits for 
Selective Repeat ARQ. The method involves transmittuig a plurality of data units 
from a sender to a receiver, where a timer is maintained at the sender and a timer 
5 is maintained at the receiver, and where each of the plurality of data units is 
assigned a sequence number representing the order m whidi the correspondiag 
data unit is transmitted. In addition, a variable HSS is maintained at the sender, 
wlagxe HSS represents the highest sequence nnmber of any data unit that has been 
transmitted at a given point during a present cycle of the timer being maintained at 

10 the sender. At the receiver, two variables, HSRl and HSR2, are maintained, 

where HSRl represents the highest sequence number of any data unit received at a 
given pomt daring a present cycle of the timer maintained at the receiver, and 
where HSR2 represents ibe highest sequence nmnber of any data unit received at a 
same point during a previous cyde of the timer maintained at the receiver. Then, 

IS at the given pomt during each cycle of the thner maintained at the sender, any data 
unit at the sender that has a sequence number less than the variable HSS is 
discarded. Thereafter, the variable HSS is updated. At the given point during 
each cycle of die timer maintained at the reaver, ai^ data unit having a sequence 
number less lhan the variable HSR2 is discarded. Thereafter, the variables HSRl 

20 and HSR2 are updated. 

In accordance with a fourth aspect of the present mvention, the above- 
identified and odier objects are achieved by a method for discarding data units for 
Selective Repeat ARQ. The method involves defining a transmission window, 
where the transmission window rqiiesents a sequence of K data units whidi are 

25 eligible for transmission from a sender to a recover, where each data unit is 

assigned a sequence number which represents Ifae order of transmission associated 
with the corresponding data unit. At the sender, a data unit that is currently within 
the transmission window is discarded, where the data unit has a sequence number 
that indicates tbst the data unit was transmitted prior to all other data units 
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curreiitiy in the transmission window. The transmission window is then advanced 
forwanl accordingly. In addition, a receiving window is defined at the receiver, 
where the receiving window represents a s^uence of data units which the receiver 
has received or is expecting to receive. If the receiver receives a data unit having 
5 a sequence number S, wherem the sequ«ice number S is above the receiving 
window, a purge operation at the receivra: is perfiinned as a fhnction of the 
sequence mtmber S-K+1. 

In accordance with a fiflh aspect of the present invention, the above- 
identifiBd and other objects are achieved by a metttod for discarding data units for 

10 Selective Repeat ARQ. The method involves transmitting a plurality of data units 
from a sender to a receiver, where the plurality of data units are associated with 
data packets, and where each data packet may be associated with one or more data 
units. At the sender, the first data unit associated with a data packet is stored until 
the receiver CQn^}letely acknowledges the data packet. Then, one or more data 

15 units are discarded, at the sender, where the discarded data units liave a sequence 
number indicating that they were transmitted before the first data unit. A discard 
bit in the header portion of the first data unit is then set, and the first data unit is 
transmitted to the receiver, so as to notify the receiver that the one or more data 
units have been discarded at the sendea:. Finally, a purge operation is performed at 

20 the receiver as a fonction of a sequoK^ninnber associated with the first data unit. 

BRIEF DESCRIFnON OF THE FIGURES 
The objects and advant^s of Ihe present mveaition will be understood by 
reading the following detailed description in conjunction with the drawings in 
25 which: 

FIG. lA-B illustrate a first exemplary embodiment of the present 
invention, and an alternative tiiereto, respectively, wherein synchronized timers 
are used to trigger PDU discarding; 

FIG. 2 iUnsttates an alternative embodunent of the present invention, 
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wheiein a single timer at the sender and a sipgle timer at die receiver is used to 
trigger PDU discarding; 

HG. 3A-3D illiastratB a second exemplary onbodiment of the present 
invention, wberein a "window-based" discarding mechanism is employed; 

FIG. 4 illustrates a third exemplary embodiment of the present invention, 
wherein a discard bit m the header of each PDU may be used fbr discard signalling 
pmposes; 

FIG. 5 illustrates a fourth exenqilary embodiment of the present invention, 
wherein a discard bit in the header of each PDU associated with the first data 
packet which has not been discarded at the sender nor fiilly acknowledged may be 
used fbr discard signaling purposes; and 

FIG. 6 illustrates another alternative embodiment of the present inventian, 
wherein the sender is not required to maintain, ui its bu^, a first PDU of a non- 
completely acknowledged data packet 

DETAILED DESCRXPHON OF THE INVENTION 

The present invention involves Selective Repeat ARQ, and more 
particularly, discard mechanisms to be used therewith. In Selective Repeat ARQ, 
a receiving entity (herein referred to as the receiver) provides cumulative 
acknowledgement signals, selective n^ative acknowledgment signals, and 
selective positive acknowledgment signals fbr a sending entity (hetem referred to 
as the sender). The selective negative acknowledgment signal informs the sender 
that a particular PDU has not been received at the receiver. The selective positive 
acknowledgmrait signal informs die sender that a particular PDU has been 
received. The cumulative acknowledgment signal informs the sender that all 
PDUs up to and including the one widi the sequence number identified m the 
cumulative acknowledge signal, have been received or discarded by the receiver. 
The sender can then determine, based on the cumulative acknowledgment signal 
and the selective positive acknowledgment signal, which PDUs to release from its 
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biiffer. In contrast, ^ sender can detennine whkfa PDUs to retransmit based on 
the selective negative acknowledgtneat signal. 

Generally, Selective Kepeat ARQ tedmiques employ a "transmission 
window" at the sender and a "receiving window" at the receiver, wherein a window 
5 represents an interval of PDU sequence numbers which are available for ei^ 
transmission or reception. However, in order to avoid ambiguities over PDU 
identification which could arise when trammitting two PDUs having tiie same 
sequence number in ihe PDU iieader, it will be understood that the mjiyim^ m 
window size is 2''"S where each sequence monber comprises k number of bits. 

10 in accordance with a first exemplary embodiment of the present mvention, 

synchronized triggers in die form of timeis are enq>loyed at the sender and at the 
receiver for the purpose of d^ermimng whidi PDUs to discard, wherein fiie 
triggering at Hie sender is guaranteed to occur befttre the triggering at the receiver 
for a given FDU. Because the discard mechanism in this first exempTary 

15 embodiment relies on synchronized timing triggers, e3q»licit signaling to notify the 
receiver when the sender has discarded one or more PDUs is not required, thereby 
conserving network resources and bandwidth. 

As stated, tiie synchronized triggers take the form of timers, in accordance 
with this first exemplary embodimeitf , wherein a timer at the sender begins 

20 measuring a time period Tg when a PDU is first transmitted from the sender to the 
receiver. In gsaexal, the sender discards the PDU if, aAer die expiration of the 
time period Tg, the sender failed to receive an acknowledgment from the receiver 
that the PDU has been correcfly delivered to and received by the receiver. When, 
at the receiver, a PDU widi sequesice number S is received and there is at least one 

25 missing PDU with a sequence numba lower than S, a thner begins measuring a 
tune period that is at least as long as die tune period Tj. If the time period Tr 
expires and there are still missing PDUs diat have a sequeiKe number lower than 
the sequence number S, the receiver performs what is herein referred to as a 
purge(S) operation. 
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Duiing a puigeCS) operation, FDUs which have been correctly received are 
in general, delivered to an upper networic layer. However, ail missing PDUs 
having a sequence number lower than S ate released, where it will be understood 
that releasing a PDU at the receiver refers to de-allocating the iiqiut buffer space 
5 associated with that PDU, thereby making the space availal}le for other FDUs. In 
addition/ all of the missing PDUs are acknowledged by the receiver, since the 
receiver no longer expects to receive them. If segmentation and reassembly of 
data packets is employed, the purge(S) operation involves discarding PDUs that 
have been received, where the PDUs have a sequence number less than S and are 

10 associated with non-completely received data packets. 

FIG. lA illustrates a timeline of events to finther illustrate the discard 
mechanism of this first exemplary embodiment of the present invention. As 
shown, ti» left-most vertical line represents a timeline of events occmring at the 
sender, while the right-most vertical line represoits a thneUne of events occurring 

15 at ^ receiver. Moreover, the arrows originating from the receiver represent 

ARQ messages beiiig transmitted back to the sender, while the arrows originating 
from the sender iqtresent PDUs being transmitted, or retransmitted, to the 
receiver. 

As shown in FIG. lA, the sender initially trammits a first PDU SI. 

20 Simultaneous to the transmission of SI, the sender starts a timer to measure a time 
period Tg. The sender then transmits a second PDU S2. While the sender begins 
measuring a new time period that correspoDds to the transmission of S2, the 
indication of such is omitted &om FIG. lA for the purpose of simplicity. 

As mdicated by die "x" designation, neither SI nor S2 are sucoessfiilly 

25 received into the input bufGer of the receiver. Therefore, the ARQ message 
transmitted back to the sender notifies the sender that SI and S2 were not 
successfully received, as ilhistrated by ARQ(Nack SI, S2). Accordingly, the 
sender retransmits SI and S2, as shown, hx retransmitting SI and S2, only S2 is 
successfully received. Because there is a missing PDU C-c, SI) with a lower 
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sequence number than S2 when S2 is received, the receiver begins measuring a 
time period Tr. The receiver then transmits another ARQ message bade to the 
sender, notifyiiig the sender that SI was not successfully received and that S2 was 
sucoessflilly received, as ilhistrated by ARQ(Nack SI, Ack S2). However, before 
S the sender can retransmit SI, the time period T^e^ires. 

The expiration of time period T^ is the trigger that, in torn, causes die 
sender to now discard SI rather than retransmit SI, as illustrated in FIG. lA. The 
sender then transmits S3 and S4. Upon receiving S4, the receiver transmits 
another ARQ message, ARQ(Nack SI, S3; Ack S2, S4), which notifies the sender 

1 0 that the receiver has still not yet received SI (which has already been d^catded by 
the sender) and that the receiver has not yet received S3. At the same tone, the 
ARQ message also notifies the sender tliat the receiver did successfully receive S2 
and S4. The sender, as indicated, responds by retransmitting S3. 

Before S3 is successfully received, however, the tune period T^ expires. 

15 causmg the receiver to execute a purge(2) cperation. Consequently, all missuig 
FDUs having a sequence numiber lower than S2 (i.e., SI) are released at the 
receiver. Moreover, the receiver transmits yet another ARQ message bade to the 
sender, notifying die sender diat the receiver has acknowledged SI, 52, S3 and S4. 
FIG. IB illustrates a timeline of events to illustrate a discard mechanism 

20 sunilar to the discard mechanism illustrated in FIG. lA, but for the discard 

mechanism in FIG. IB takes into consideration the segmentation and reassembly of 
data padcets. In the example ilhistrated in HG. IB,, each data packet consists of 
Aree FDUs, for example, a first data packet comists of FDU SI. FDU S2 and 
PDU S3, herein referred to as SI, S2 and S3, wherein the left and right 

25 parendieses mdicate the first and last PDU of a given data packet respectively. It 
will be understood, however, that the data packets may consist of more or less than 
three PDUs. Furthermore, it will be miderstood that only one timer needs to be 
maintained at the sender for each data packet. 

As illustrated in FIG. IB, the sender initially transmits the three PDUs 
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associated with the first data packet, SI. S2aiid S3. In accordance with this 
alternative discard mechanism, the sender inft^'^^s a timer, to measure a time 
period Tg, simultaneous to the transmissian of the first PDU ia each data packet 
(i.e., sinmltaneous to the transmission of SI). In this example, the receiver 
5 correctly receives SI and S3 only, but not S2, as radicated by the "x" designation. 
As in the first exenq>lary embodnnent described above, the receiver ioitiates a 
tinier to measure a time period T^, since it received a PDU (i.e. , S3) when there 
was at least one missmg PDU havhjg a lower sequence nmnber (i.e. , S2). The 
receiver now sends an ARQ message back to the sender, notifjmig ibe sender that 
10 it has successfully received SI and S3, but not S2. At approximately the same 
time, the sender transmits the vsxt data packet consisting of S4, S5 and S6, as 
shown. 

Upon receiving S4, the receiver begins measming another time period 
because S2, having a lower sequence number than S4, is still missing. Though it 

IS is not shown, &b receiver would likewise initiate tuners vpoa receiving SS and S6. 
At approximately the same time the receiver successftdly receives S4, S5 and S6, 
the sender actually receives the ARQ message containing the notification that die 
receiver never received S2. Thus, the sender retransmits S2, along widi the first 
two PDUs, S7 and S8, associated with the next data packet, 

20 At ^>proximately the same tnm^ that the sender retransmits S2, the receiver 

sends anodier ARQ message back to the sender which notifies the sender that the 
receiver has successfiilly received SI and S3-iS6, and that it has yet to receive S2. 
At about the same tune that the sender actually receives this ARQ message, the 
tune period T^ expires. Since S2, at this point, has not been acknowledged, the 

25 sender discards, not only S2, but all the other PDUs associated with the first data 
packet (i.e., SI and S3). Because the sender discards SI, S2 and S3, the 
transmission wmdow advaivres forward. Accordingly, the sender transmits new 
PDUs, such as S9, SIO and Sll, where SIO is the first PDU of yet another data 
packet. 
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At about the time tbe seadec transmits S9, the receiver, which does not 
know that the sender has discarded SI, S2 and S3, transmits another ARQ message 
back to the sender which notifies the sender diat ihe receiver never received S2 or 
S8. In addition, the ARQ message notifies fbe sraider that SI and S3-S7 were 
5 successfully received. Soon thereaflBer, the time period 1^3 expires as indicated. 
Accordingly, a purge(3) operation is perfom^d at the receiver. In accordance 
with the purge(3) operation, the buffer space at the receiver allocated for any 
missing PDUs having a sequence number lower than S3 is released. Any PDUs 
associated with a previous, incomplete data packet are discarded, if received or 

10 released. In the present case, the purgeC3) operation results m the discarding of SI 
and the release of the buffer space that was allocated for S2. Soon thereafter, the 
time period expires, as shown, such that a purge(4) operation is perfbimed at 
the receiver. This results in tbe discarding of S3, since S3 was received and is 
associated with a previous and incomplete data packet Once again, the receiver 

IS window advances forward accordingly. 

It should be noted that in a preferred embodiment of the present invention, 
the transmission window and the receiving window are advanced on a PDU-by- 
PDU basis. Thus, for example, when a PDU at the very bottom of tiie 
transmission window is discarc^, the transmission window advances forward by 

20 one PDU. However, as one sldlled fai the art will appreciate, the transmission 
wmdow and ttte leceiving window could be advanced on a data packet-by-data 
packet basis. In accordance with this alternative approach, a PDU at the bottom of 
the transmission window may be discarded, but the transmission window does not 
advance until all of the PDUs associated widi the correspondmg data packet are 

25 discarded. Of course, the window would advance forward by the numbers of 
PDUs m the corresponding data packet. 

In accordance with another alternative discard mechanism, only a single 
timer is employed at the sender and a single timer at the receiver. However, in 
order to avoid synchronization problems, the time constant associ^d with the 
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single timer at ths teceiver must be no less tban the time constant associated with 
the single timer at the sender. Qtberwise, the receiver might discard a given FDU 
(i.e., de-allocate the buffer space that was set aside for the PDU) before the sender 
has actoally discarded the PDU. To simplify the explanation of diis alternative 
5 discard mechanism, the single timer at die sender and tile single Hmer at fhs 
receiver are given the same time constant. 

In addition to maintaining a siiigle timer at the sender and a single thner at 
the receiver, the sender, accordmg to this alteniative, maintains a variable HSS, 
where the value of HSS represents the hi^^ sequence number assigned to a FDU 

10 transmittedthus&x, and where the value of HSS is updated once daring each time 
period associated with tiie smgle timo: at the sender, preferably at the beginoiqg of 
each time period. As explamed above, the sequence number may range fixnn 0 
dirough 2"'', in accordance witii modulo 2 format, wherein k represents the 
number of bits cooqirising a sequence number. Therefore, it would be understood 

1 5 tiiat the phrase "highest sequence number" is not necessarily the largest sequence 
number value, but is to be interpreted m terms of the modulo 2 format. The 
receiver, on the other hand, maintams two such variables HSRl and HSR2, where 
die value of HSRl r^resents the highest sequence number of any PDU received 
by die receiver at tiie beginning of the present cycle of die timer associated with 

20 the receiver, while the vahie of HSS2 represents the hi^iest sequence number of 
any PDU received by the receiver at the beginning of the previous cycle of the 
thner associated widi the receiver. 

In geoeral, this second alternative discard mechanism works as Mows. 
When the timer associated with the sender begins its presexit cycle, die sender 

25 discards from its bn£^ all PDUs having a sequence number less than die present 
value of the variable HSS. Thereafter, the sender updates the value of HSS as 
described above. Thus, all PDUs which have been sent, but not acknowledged 
after at least one lull cycle are discarded. In contrast, when the timer associated 
with the receiver begins its present cycle, ttie receiver discards all PDUs having a 
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sequence minilKr less than the pieseiU value of Thereafier, the 

receiver updates the value of HSR2 with the cunsnt vahie of H5R1 , and it iqidates 
the vahie of HSRl with the current highest sequence numbCT of any PDU received. 
Accordingly, the receiver discards only PDUs with sequence numbers less than the 
5 highest sequence number of any PDU transmitted to the receiver at the beginning 
of the previous cycle, thereby preventing tiie receiver from accidentally discarding 
any PDUs that the sender is still attempting to transmit or retransmit. 

FIG. 2 illustrates in greater detail this alternative d^card mechanism, 
wherem the vertical axis represents the sequence numbers of the PDUs being 

10 tninsmit^ the sender to the receiver, and wherein the horizontal 

represents the passage of time. The period of time between each "dashed" vertical 
line represents a full cycle associated with the sin^ timer at the sender, while the 
period of time betweesi eaCh "dotted" vertical line reptesents a full cycle associated 
with the single timer at the receiver. Furthermore, the "dashed" graph represents 

1 5 the highest sequence number of any PDU at the sender, while the "dotted" graph 
represents tiie highest sequence number of any PDU at the receiver. 

As illustrated m FIG. 2, the sender, at the beginning of its first cycle, 
which occurs at time SI, sets die variable HSS equal to ihs value of tiie highest 
sequence numb^ at the sender. In the exanqile illustrated in FIG. 2, the highest 

20 sequence number at the sender at time SI is "A". The receiver, at the begmning of 
its first cycle, which occurs at titne Rl, sets the variable HSRl equal to the value 
of the highest sequence mmAjer at the receiver. In the example of FIG. 2, tiie 
highest sequence number at tiie receiver at time Rl is "a". Then, at tiie beginnmg 
of tiie second send cycle, which occurs at thne S2, the sender discards all PDUs 

25 having a sequence number less than flie value of "A". These sequence numbers 

are represented graphically by die "shaded" Une overlaying the lower portion of the 
"dashed" vertical line at time S2. Thereafter, tbs sender updates tiie variable HSS 
with the current highest sequence number at the sender. In the example of HG. 2, 
tills value is "B". At flie beginning of the second receive cycle, which occurs at 
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time R2, the receiver sets ttte variable HSR2 equal to "a", which is the cuirent 
value of HSRl. The reoeivea: tfaeaiipdates the value of HSRl to equal tte vahie of 
the highest sequence number at the receiver at time Rl, which is shown in FIG. 2 
as being "b". 

S At the beginning of the third send cyc]&, which occurs at time S3, the 

s£^er discards all PDUs having a sequence number less than the current vdlxie of 
HSS. In the example of HG. 2, the current value of HSS at this point is "B". The 
sequence numbers less than "B" are represented by the "shaded" line overlaying the 
lower portion of the "dashed" vertical line at time S3 . Thereafter, the sender 

10 updates the value of the variable HSS with the value of the highest sequence 
Dunlber at the sender at time S3. At the beginning of the third receive cycle, 
which occurs at time R3, the receiver discards all PDUs havirig a sequence number 
less than "a", the current vahie of KSR2. The sequence nmhbers less tiian "a" are 
represented by the "shaded" vertical line that overlays the lower portion of the 

15 "dotted" vertical line at time S3. Thereafter, the receiver sets the variable HSR2 
equal to "b", the curreat value of HSRl. Then the receiver sets the variable HSRl 
equal to "c", the highest sequence number at the receiver at time R3. 

It will be understood from FIG. 2 that the procedure described above 
repeats itself continuously. Further, it will be understood that the procedure 

20 described above could be applied even if segmentation and reassembly of data 

packets is en^loyed. In which case, tbs sender would discard entire data packets 
ihat contain PDUs with sequence number that are less dian the value of HSS, while 
the receiver would discard entus data packets that contam PDUs wiHi sequence 
numbers that are less than the value of HSiB2. 

25 In accordance with a second exemplary embodiment of the present 

invention, a '^vindow-based" approadi is employed to facilitate discard signalmg. 
Furtl]^ in accordance widi this second exemplary onbodiment, a transmission 
window is defined at the sender, wherein the size of the transmission window is K 
sequence numbers in length, and wherein the first sequence number in the 
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transmission window is associated whh tte PDU having the lowest seqpience 
number of any PDUs at the sender that aie unacknowledged (i.e., the sender has 
not yet received acknowledgment &at the PDU has been successfully received) and 
not discarded. Still further in accordance with this second exemplary embodiment, 
5 only PDUs having a sequence number falling within the transmission window are 
eligible for transmission. In addition, a receiving window is defiled at the 
receiver, wherein the size of the receivmg window is also K sequence numbers in 
length. 

The value of K must be less than the maximum window size of 2!^'. 
10 Moreover, the value of K may be piede&iBd or it may be negotiated at starmp. It 
is also possible for the value of K to change dynamically duriiig transmission. As 
one skilled in the art will readily ^iipceciate, the size of the buffer at the sender and 
the size of the inpat bu££a: at the receiver should be able to at least accommodate K 
PDUs. 

15 The technique associated with the second exemplary embodiment works as 

follows. The sender transmits only PDUs that have a sequence number falling 
within the transmission window, as stated. However, as the sender discards 
PDUs, the transmission window is shifted forward so that PDUs having higher 
sequence numbers fall into the window and become eligible for transmission. 

20 Shifdng the transmission window is allowed only to the extent that the top of die 
whidow does not exceed the sequence numiber conesponding to the cumulative 
acknowledgement point pins the maxiTmiin window size so as to avoid 

sequence number ambiguities. When a receiver sucoessfiilly receives a PDU 
whose sequence number is above the receivmg window, for example, a PDU 

25 having a sequence numbers, die receiver performs a purge(S-K+l) operation, in 
accordance with die purge(S-K+l) operation, the receiver releases the input buffer 
space allocated to ail missing PDUs that have a sequence number less ti:ian or equal 
to sequence number S-K. If segmentation and reassembly of data packets is 
employed, the purge(S-K+ 1) operation might also involve discarding all PDUs 
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having a sequence mmiber less than or equal to S-K that are associated with 
incomplete data packets, even though tbe PDUs tiieniselves have been correctly 
received. Tbe receiver can release or discard tbess PDUs because PDUs having a 
sequence number less than or equal to the sequence number S-K cannot possibly be 
5 m the transmission window airy longer, so that if they have not yet been received, 
than the receiver cannot expect to receive them. 

FIGS, 3A-3E illustrate the technique associated with the second exanpla^y 
embodiment. In FIGS. 3A-3E, the arc corresponding to the wedge-shaped portion 
of tbe circle repress the transmission window at the sender, while the arc 

10 outside the circle represents tiie receiving wiixlow at the receiver. As shown, the 
transmission window spans a portion of the ciicle fiom a pomt marked BM to a 
point marked TP, where BM represents the lowest sequence number at the bottom 
of the transmission window, and TP represents the highest sequence number at the 
top of the transmission window. Also shown is a point CA and a point CP. The 

1 5 point CA represents the cumulative adcnowledgment point, wherein all PDUs 
havmg a sequence number less than or equal to the sequence number 
corresponding to CA have been acknowledged as being successfully received or 
discarded by the receiver. The CP point represents the current pointer, or the 
sequence number correspondmg to ibe next new PDU to be transmitted from the 

20 sender to the receiver. In addition, FIGS. 3A-3E show a number of unmarked 
points aloiig the arc corresponding to the transmission window between BM and 
CP. These immariced points represent PDUs that have been transmitted, but not 
yet acknowledged as being successfully received. 

More specifically, HG. 3A iHnstrates an initial situation, where the 

25 receiving window is ahead of, or forward with respect to, the transmission 

window. The reason the receiving window is ahead of the transmission window is 
that often, ARQ messages acknowledging one or more PDUs have not yet been 
received at the sender. Eventually, these ARQ messages are received and 
processed at the sender, thereby advancing the CA point and, consequently, the 
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transmission window, as illustcalBd in HG. 3B. In &ct, the sender might contiinie 
to send FDUs up to and including the PDU having the highest possible sequoice 
number in the transmission window. This situation is illustrated in FIG. 3C, 
where the point CP actually coincides with the point TP. The sender, at this point, 
5 is stalled. That is, it cannot transmit any new PDUs until the transmission window 
advances forward. Of course, the sender can continue to retransmit PDUs which 
have not been acknowledged and whose sequence numbers fall within the 
transmission window. 

To avoid stalling for any significant length of time, the sender may decide 

10 to discard one or more PDUs at the bottom end of the transmission window, as 
illustrated in FIG. 3D. The decision to do this may, for example, be based on the 
fact that the sender has retransmitted the one or more FDUs a certain number of 
times, or the decision may be based on the eqiiiation of a time period associated 
wiifa the one or more PDUs. FIG. 3D also shows that by discarding tt& one or 

15 more PDUs at the bottom end of the transmission window, tilie transmission 

window can advance forward. In doing so, new PDUs fall into the transmission 
window so the sender is no longer stalled. 

At this point, the receiving window is lagging behind the transmission 
window. However, receiving a PDU that is above the receiving window triggers 

20 the receiver to perform a purge operation. For example, if the PDU received has a 
sequence number S that corresponds to the value of TP in HG. 3E, the receiver 
performs a purge(S-K+l) operation, which corresponds to a purgeOBM) operation, 
wherein all FDUs havnig a sequence namber less than die sequence nuniber 
corresponding to BM at the bottom of the transmission window are discarded, 

25 thereby causing the transmission window and the receiving window to become 

aligned. This causes the receiver to release or discard all PDUs having a sequence 
number of S-K or less. If the PDUs are associated with a complete data packet, 
the PDUs are instead passed to an upper network layer for processing and/or 
transniission to a next-hop receiver. As stated above, it will be readily apparent 
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that FDUs having a sequence nuinber of S-K or less must be, by definition, below 
the transmission wmdow and, tberefote, no longer eligible for transmission. 
Accordingly, if these PDUs have not yet been correctly received, there is no 
chance that they will herein after be successfiilly retransmitted and received. After 
5 performing this purge operation, the receiving window may advance forward as 
shown. 

in the first and second exen^lary embodiments, as well as the various 
alternative eiiibodinients described above, explicit signaling is not employed. That 
is, no additional bandwidth is expended to infoim die receiver that certain FDUs 

10 have been discarded by the sender. The primary advantage realized by these 

exen^lary embodhnents is that bandwidOi is more efQciently utilized. This may 
be particularly important where bandwidth is lindted and/or esqiensive, which is 
quite often the case. However, if bandwidth is not limited or if speed, for 
exanq>ie, is more unportast tiian the efBcient use of bandwidth, alternative discard 

15 mechanisms may be employed, where explicit signaling is used to notify the 
receiver when one or more PDUs have been discarded by the sender. 

The various exemplary embodiments described herein below, unlike those 
described above, rely on explicit signaling to notify the receiver when our or mote 
PDUs have been discarded by the sender. In these exemplary embodiments, the 

20 header of each PDUinchides what is herein referred to as a discard bit and 
possibly a data valid bit. When the discard bit is set m the header portion of a 
given PDU, it explicitly signals the receiver that all FDUs havmg a sequence 
nuniber less than the sequence nomber of the given PDU have teen discarded at 
the sender. The receiver should, consequently, no longer eiq^ect to receive these 

25 PDUs. The receiver can then perform a purge operation so that the receiving 

wmdow can advance forward. If a data valid bit is being enrployed, in addition to 
the discard bit. and the data valid bit is set in the header portion of the given PDU, 
it explicitly signals the receiver that the payload portion of the PDU contains user 
data. If, in contrast, the data valid bit is reset, it explicitiy signals the receiver that 
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the payload portian of the PDU contains no user data, and tliat the receiver should 
only process the header portiott of the PDU, and then discard the PDU. As will 
become evident, the exen^laiy embodimeuts described below distinguish over 
each other based on whether they employ a discard bit only, or whether they 
5 employ both a discard bit and a data valid bit AH of llie exemplary embodiments 
described below, however, distinguish from those described above, in that those 
described above employ neither a discard bit or a data valid bit, as mentioned. 

In accordance with a third exemplary embodiment of the present invention, 
a one bit extension to the header portion of each PDU is employed to facilitate 

10 discard signaling, where the one bit extension is a discard bit as described above. 
Further in accordance with this tinxd exempilaiy embodiment, the sender ke^s, in 
its buffer, the first PDU of any non-oonpletely sdmowledged data packet until the 
data paclDBt is completely acknowledged (i.e., completely received or discarded). 
Thus, if the sender transmits all PDUs associated with a given data packet to the 

1 5 receiver, and in rwponse, the sender a selective positive acknowledgment 
from die receiver indicating that the first PDU has been correctly received, the 
sender will keep diat first PDU in its bufBer until the entire data packet has been 
acknowledged (i.e., until all of the remaining PDUs have been acknowledged by 
the receiver through a selective or cumulative positive acknowledgment). A 

20 fimher requirement with this third exemplary embodimoit, is that ths sender, after 
performing a discard operation, condniies to store in its bu£EiBX at least one vaUd 
PDU. It should be noted here that certain types of memory management systems 
require that PDUs associated with a given data packet be kept together, so liiat 
memory must be allocated and de-allocated for all PDUs associated with the given 

25 data packet at the same time. It should be further noted that this tbird exemplary 
embodiment is conducive for use with such memory management systems. 

The discard mechanism associated with thte third exemplary embodiment 
works as follows. When the sender discards PDUs up to and including those 
PDUs associated with a given data packet, an explicit discard signal is gei^ated. 
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That discard signal takes the form of a PDU, referred to herein as a discard-signal 
PDU, wherein the discard bit in the header portion of the discanl-signal PDU is 
set. It follows that if tfae first undiscarded PDU is available at die send»:, and its 
sequence number falls within tlK transmission window, then the discard-signal 
5 PDU is the first midiscarded PDU, If, however, the &st midiscarded PDU is not 
yet available at the sender, or the first undiscarded H)U cannot be transmitted 
because it has a sequence number that falls above the transmission window, then 
the discard-signal PDU is the last-stored PDU. When the first undiscarded PDU is 
transmitted at a later time, it will be transmitted with its discard bit set 

10 Furtlier in accordance with this linrd exemplary embodiment, the sender 

regenerates a discard-signal PDU if it receives an AKQ message from the receiver 
tiaat fails to acknowledge FDUs that have aheady been discarded by the sender, 
and if a TniniTniiTn period of time has elapsed since the sender last transmitted 
a discard-signal PDU. It should be noted, however, that die regenerated discard- 

15 signal PDU may be different from die previous discard-signal PDU, since the 

previous discard-signal PDU may have been associated with a data packet that has 
been conq)letely acknowledged. Regeneration of the discard-signal PDU is 
necessary to ensure that the receiver is notified th^ preceding PDUs have been 
discarded at the sender, even in the event that the preceding discard-signal is never 

20 successfiilly received at the recdver. It will be undexstood that die value of T„jg 
should be a constant, and that the value of Tpig should be at least as great as the 
time required to transmit a signal betweeai die sender and the receiver and back. 

Again, the third exesaplaiy embodimeait requires that die first undiscarded 
PDU be the first PDU associated widi a data packet, and diat it is stored m die 

25 buffer of die sender until all of die PDUs associated widi diat data packet are 

acknowledged. If this was not required, the receiver might receive a PDU with 
the discard bit set, wherein die PDU is not die first PDU of a data packet. And 
upon receiving the PDU, the receiver woidd perform a purge operation causing the 
first PDU of die data packet to be discarded. The advantage of the durd 
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exemplary embodiment is t!iat a relatively simple one bit extension to tiie beader 
portion of each FDU can provide a robust discard signaling fntyfifmism. 

FIG. 4 illustrates the discard med^nism of tbe third exemplary 
embodiment, wherein the left-most vertical line represents a Hmftiin^ of events 
5 occurrii^ at tiia sender and tbe right-most vertical line represraits a timeline of 
events occurring at the receiver. Furthomore, the PDU sequence numbers 
appearing to the right of the right-most vertical line represent those PDUs that 
have been successfully received at the input buffer of the receiver, while those to 
the left of die left-most vertical line represent those PDUs that are stored in the 

10 buffer at the sender. The parentheses indicate the beginning and the end of each 
data padcxt. For example, sequence nomibeis S7, S8 and S9 correspond to the 
first, second and last PDUs of a data packet respectivdy. In addition, the arrows 
originating at the receiver rqpresent AKQ messages that include, foe example, 
selective positive adcaowtedgment signals, selecdve negative adcnowledgment 

IS signals, and/or cmnulative acknowledgment signals. The arrows originating at the 
sender represent PDUs being transmitted or retransmitted, wherein the asterisk (*) 
following certam PDU sequence numbers indicates that a PDU is not successfully 
received. Finally, a PDU sequence number followed by the letter "D" indicates 
that the corresponding PDU is a discard-signaling PDU. 

20 Initially, FIG. 4 shows that the inpm. buffer at the receiver contains the 

PDU having sequence number S2, herein referred to as S2, and PDU having 
sequence number S4, herein refisired to as S4. Moreover, FIG. 4 shows that die 
receiver transmits an ARQ message to the sender, indicating that all PDUs vsp to 
the PDU having sequrace number SO ate cumulativdy acknowledged, that S2 and 

25 S4 are positively acknowledged, and tbst SI , S3, and S5-S8 are negatively 

acknowledged. Thus, the haSSa at the seaider continues to store SI, S3, and S5- 
S8. The buffer also now contains S9. In addition, the sender stores S4, because 
S4 is the first PDU of a corresponding data packet which has not been completely 
acknowledged. As explained previously, the sender will continue to store 34 until 
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all of the PDUs associated with this data packet are acknowledge 

The sender responds by retcansmitting SI, S3 and S5-S8. As indicated, SI, 
S3 and S8 are successfoUy received; however, S3, S6 and S7 are not successflilly 
received. Accordingly, the iDput buffer at the receiver now contains SI, S2, S4, 
5 35 and S8. The receiver, in response, transmits an ARQ message that 
cumulatively acknowledges all PDUs up to and including S2, positively 
acknowledges S4, S5 and S8, and negatively acknowledges S3, S6 and S7, 

The sender, upon receiving the last ARQ message from the receiver, which 
includes liie cumulative acknowledgment up to S2, continues to store SI, despite 

10 the fact that SI was acknowledged by the receiver, for tixe same reason that the 
sender is also storing S4, as explained above. AocordiDgly, the buffer at the 
sender now contains S3, S6, S7 and S9, as well as SI and S4. The sender then 
attempts to retransmit S3, S6, S7 and S9. As indicated, onty S7 is successfiilly 
received. Thus, the input buffer at the receiver now contains SI, S2, S4, S3, S7 

15 aiKi SB. Therefore, the next ARQ message transmitted to the sender includes a 
cumulative acknowledgment for all PDUs up to S2, a positive acknowledgment of 
S4, S5, S7 and S8, and a negative acknowledgment of S3 and S6, 

At this point, the sender discards PDUs S1-S3, a$ indicated in FIG. 4. The 
sender may decide to do this after the e:q)iration of a certain period of tune or after 

20 unsuccessfblly attempting to retransmit, for exanqtle, S3. In addition, the sender 
continues to store S7, despite the fact that S7 was successfully received until the 
data packet corresponding to S7 is completely acknowledged. The buffer 
associated with the sender also contains S6 and S9. The sender now transmits a 
discard-signaling FDU using S4 (identified as S4D). The sender uses S4 as the 

25 discard-signaling PDU because it is the first PDU in the first non-con^letely 

acknowledged data packet. In addition, the sender retransmits both S6 and S9. As 
shown, only S6 is successfijlly received. Thus, the input buffer at the receiver 
now contams SI, S2 awl S4-S8. Accordingly, the receiver transmits an ARQ 
message to the sender which includes a cumulative acknowledgment up to S2, a 
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positive acknowledgment of S4-S8, and a negative acknowledginent of S3 and S9. 

The negative acknowledgment of S3, ia the ARQ message, serves as a 
notification to the sender tlmt the discard-signaling PDU S4D was not suocessfiilly 
received by the receiver. However, because S6 was successfully received, 
5 resulting in tbe entire data packet comprising S4-S6 being acknowledged, &e 
sender now releases S6 and S4. The sender now regenerates a discard-signaling 
PDU to notify the receiver which PDUs have been discarded at the sender, but tins 
time the sender uses S7 (identified as S7D) for that purpose, as shown. In 
addition, the sender retransmits S9. Upon receiviog botibi IliB discard-signaling 

1 0 PDU S7D and S9, the receiver performs a parge(7) operation, which results in the 
discardii^ of all PDUs having a sequence number less than S7 at the receiver. In 
addition, since tibe entire data packet compising S7-S9 has now been successfully 
received, tbe receiver can discard S7-S9 as well. Accordiiigly the receiver 
transmits an ARQ message to the sender which ind n^ff ff a cunmlative 

IS acknowledgment vp to S9. 

It will be understood that as the sender discards PDUs firom its buffer, the 
transmission window advances forward, thus allowing the sender to transmit new 
PDUs. Also, as the receiver discards PDUs, the receiving window likewise 
advances forward, and the technique associated with the third eixemplary 

20 embodunent coutmoes as described above. 

In accordance with a fourth exeanplary emhodunent of the present 
mventioa, a one bit extension to the header portion of each PDU is, once agam, 
en^loyed to facilitate discard signahng, where the one bit extension is a discard 
bit. In this mbodiment, the discard bit is used in a somewhat different manner 

25 than m the previously described embodiment. In this case, the sender discards 
PDUs up to a certam data packet. The srader then sets the discard bit for all of 
the PDUs in a data packet, wherem the data packet is the first data packet that has 
not been discarded or ftiUy acknowledged. If such a data packet is not yet 
available at the sender, the sender sets the discard bit for all of tbe PDUs in the 
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n»ct packet that is available. The discard bit in these PDUs reimins set, even 
during retransmission, should retransmission be necessary. Furthermore, the 
sender uses the last-stored PDU as jiie discard-signal PDU (i.e. , the PDU in the 
transmission window with the highest sequence nmnbef), if the PDUs associated 
5 witii the first undiscarded data packet cannot be sent, either because they are out of 
the sender window, or because tiiey have not yet arrived at the sender. Also, the 
sender regenerates the discard signal when it gets a negative acknowledgment from 
the receiver for a PDU which has been discarded and a time period 1^ has 
elapsed since the sender last goiirarated a discard signal. 

10 Upon receiving a PDU with the discard bit set, the receiver discards all 

PDUs that ate in non-completBly received data packets that precede the data packet 
containing ihe PDU with the discard bit set. The receiver accomplishes this by 
maintaming the following variables when there is at least one PDU m the ti^ 
buffer of the receiver with its discard bit set: HDISCARD, HSTART and HSTOP. 

15 More particularly, the value of the variable HDISCARD represents the highest 

sequence number of any PDU in Ihe input buffer which has its discard bit set. The 
value of the HSTART variable represents &e highest sequence number of any 
PDU with the start bit set and with a sequence number that is not higher than the 
value of HDISCARD. The value of the HSTOP variable represents the highest 

20 sequence number of any PDU with its stop bit set and with a sequence number that 
is less tbanthevahie of HDISCARD. It should be noted that if there is no PDU 
that meets the criteria for the HSTART or BSTOP vsnatils, then the variables 
HSTART and HSTOP are set equal to a sequence number at the bottom of the 
receiving window less one (1). In doing so, the variables essentially have no effect 

25 on the algorithms governing the purge operation. When there is at least one PDU 
in Hbt 'mpat buffer of the receiver with its discard bit set, the receiver, upon 
receiving a PDU which increases any of the aforemeijtioned variables 
HDISCARD, HSTART, or HSTOP, performs a purge(maxnnum(HSTART, 
HSTOP + 1)) operation. 
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In accordance with the fourth exemplary embodiment, the receiver, when it 
gets a PDU with sequence number S and with both the discard bit and the start bit 
set, performs a purge(S) operation. However, if the sender never sends such a 
PDU because it has been acknowledged and released by the sender, subsequent 
5 PDUs in the data packet also signal discarding. Then, when the data packet is 
conq)letely received at the receiver, the presence of at least one PDU with its 
discard bit set guarantees that a purge operation with the sequence nmnber of the 
first PDU in the data packet is performed. Before the conq>lete data pactet is 
received, however, the receiver is able to perform a "partial purge", that is, a 

10 purge operation usmg a lower sequence number. 

FIG. S illustrates the fourth exemplary embodiment, v/bem the left-most 
vertical line represents a timeUne of events occurring at the sender, and the ri^t- 
most vertical line rqnesents a timeline of events occurring at the receiver. 
Moreover, the sequence numbers appearing to the left of the left-most votical line 

15 rq)resent the PDUs currraitly stored m the buffer at the sender, while the sequence 
numbers to the right of the right-most vertkal Ime represent PDUs that have been 
successfixlly received mto the input buffer of the receiver. In addition, the arrows 
originating at the right-most vertical Ime represent ARQ messages, and the arrows 
originating the left-most vertical line represent the transmission or retransmission 

20 of PDUs. Finally, the paremheses indicate the first and last PDUs associated with 
a given data packet. For example, FDU S7 is the first PDU m its corresponding 
data packet. Accordiiigly, the start bit m the header portion of S7 should be set. 
In contrast, PDU S9 is the last PDU in that same data packet, as mdicated by the 
presence of a left parenthesis. Accordingly, the stop bit m. the header portion of 

25 S9 should be set. 

As illustrated hi FIG. 5, only PDU S2 and PDU S4 have been successfully 
received and stored m the input buffer of the recewer. Accordingly, the receiver 
transmits an ARQ message to the sender, which includes a cumulative 
acknowledgement up to SO, a selective positive acknowledgement for S2 and S4, 
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and a selective oegatiye acknowledgement for SI, S3, and S5-S8. Upon receiving 
tbis ARQ message the sender releases S2 and S4, as indicated by the contents of 
the hafSec at the sender, and retransmits SI. S3 and SS-S8. The presence of the 
asterisk (*) indicates, however, that SI and S7 are not successfully received, 
5 whereas S3, S5, S6 and S8 are successfiilly received. Because there are currently 
no PDUs with their discard bit stored at the receiver, the values associated with the 
variables HDISCARD, HSTART and HSTOP are interpreted as "don't care" 
values, and are thus ignored. 

The receiver now transmits another ARQ message to the sender. This ARQ 

10 message provides a cumulative aclmowledgenwnt up to SO, a selective positive 

acknowledgement for S2 -S6 aid S8, and a selective negative acknowledgement for 
SI and S7. At this point, the sender discards SI. Of course, the decision to 
discard may be based on apiedefined number of retransmission or based on the 
expiration of a predefined period of time. As S3, SS and S6 have been 

IS successfully received and acknowledged, the sender also releases these FDUs from 
its buffisr as well, leaving the data packet comprising S7-S9 as the next 
undiscarded and non-completely acknowledged data packet. Accordingly, the 
discard bit in the header portion of both S7 and S9 are set prior to retransmission. 
The sender then retransmits S7D and S9D, where the letter "D" signifies that the 

20 discard bit has been set. In addition, the data padoet conqurismg S10-S12 has 

become available at the seaider, so the sender transmits Hiese PDUs to the receiver 
as well. As indicated, however. S7D and S12 are not successfully received. 
Thus, the only PDU received with its discard bit set is S9D. 

Upon receiving S9D, the receiver sets the vahie of the variable 

25 HDISCARD equal to 9, the vahie of the variable HSTART equal to 4 and the 
value of the variable HSTOP equal to 6. This, in turn, triggers the receiver to 
perform a purge(7) operation. Because the data packet comprising S4, 35 and S6 
has been fully and successfully received, it is passed on to an upper network layer 
as illustrated, thereby leaving S2 and S3 to be discarded as a result of the purge(7) 
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operation. The receiver then transmits an ARQ message to the sender, wbich 
includes a cumulative adouwledgement up to S6, a selective positive 
acknowledgement for S8-S11 and a selective negative acknowledgement for S7 and 
S12. 

5 Upon receiving the latest ARQ message from the receiver, the sender 

releases S9D, SIO and Sll, leaving only S7D and S12. Accordingly, the sender 
retransmits both S7D and S12. As both of these PDUs are successfiilly received, 
the receiver can pass on the corresponding data packets containing S7D-S9D and 
S10-S12, re^ctively, to Ihe vpger networic layers. Consequently, the receiver 
1 0 transmits a next ARQ message, which includes a ctunulative acknowledgement up 
to S12. Upon receiving die ARQ message, the sender is able to clear its buffer as 
shown. 

Analtonative to the discard mecfaanums of the diird and fourth 
eanbodiments described above is provided by employing one additional bit 

IS extODsion in die header portion of each PDU. This additional bit is the data valid 
bit defined previously. Thus, die header portion of each PDU includes both a 
discard bit and a data valid bit. 

This alternative embodiment works as follows. When the buffer at the 
sender contains no unacknowledged PDUs after the sender performs a discard 

20 operation, the first undiscarded FDU is regarded as a "dumnq^" PDU. The data 
valid bit in the header portion of a dmnmy PDU is reset, and the discard bit is set. 
Further, die sequence number of the dummy PDU is one higher than the last 
discarded PDU. The dumn^ PDU is then sent, provided that it's sequence 
number is within the transmission window. 

25 When data valid bits are used, it is not necessary to maintain at least one 

PDU (i.e., a last-stored PDU) in tiie send buffer, after a discard operation. In fliis 
alternative embodiment, the last-stored PDU is replaced by a last-in window PDU, 
which is defined as the PDU with the highest sequence number in the transmission 
wmdow. The last-m window PDU, when sent, has its data valid bit reset. 
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Upon receiving a FDU whose sequence number is S, and whose data valid 
bit is le&et and whose discard bit is set, the receiver perfiDims a purge(S) 
operation. The receiver does not acknowledge this PDU cither selectively or 
cumulatively. 

5 What distinguishes this altonative embodimmt over the previous 

embodiments is that the data valid bit provides a way to accomplish discard 
si gn a lin g without actually sending any user data. The advantage to this alternative 
embodiment is that even after discarding the last PDU in the send buffer, the 
receiver can be notified as to the discarding of this last PDU at the sender. Thus, 
10 the buffer at the receiver can be deallocated immediately, thereby maldng room for 
other PDUs. 

In accordance with another alternative discard mechamsm, which is shmlar 
to the discard mechanism described above as the third exeoqilaiy embodiment, the 
sender need not keep the first PDU of a non-con:q>Ietely acknowledged data packet. 

IS If the first PDU itself has been acknowledged, the smder may or may not continue 
to store it in the buffer. The primary difference between this alternative discard 
mechanism and that of the third exemplary embodiment is that when the sender 
discards PDUs and the first undiscarded PDU can be sent (i.e., because it is in the 
transmission window), then the discard signal PDU is the first undiscarded PDU. 

20 If the paylpad portion of that PDU is available at the sender because it has not 

been acknowledged or because it has been acknowledged but the PDU continues to 
store it in the buffer, then the sender transmits the FDU with its payload and the 
data valid bit set, otherwise the data valid bit is reset. The advantage of this 
alternative discard mechanism is that it requires a small amount of memory at the 

25 sender and at the receiver, since discard signaling can be transmitted unmedialely 
and smce the sender does not need to maintain PDUs which are already 
acknowledged. 

FIG. 6 illustrates this alternative discard mechanism, wherein the left-most 
vertical line rq)resents a timeliiK of events occurring at the sender and the right- 
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most vertical line represent a timeline of events occamng at the receiver. 
Moreover, the sequence numbers appearing at tbe right of the right-most vertical 
line represent those PDUs which have been success&lly received mto the input 
buffier of the receiver, while the sequence nnmbers to the left of the left-most 
5 vertical line rqtresent the PDUs bdng maintained in the buffer at the sender. In 
addition, the arrows originating in the recdver re^iresent ARQ messages while the 
arrows originating at the sender represent Hie transmission and retransmission of 
PDUs. Finally, the parentheses mdicate die beginning and end of each data 
packet. 

10 As illustrated in FIG. 6, the input buffer at the receiver initially contedns 

PDU S2, herein referred to as S2, and PDU S4, herein referred to as S4. The 
receiver then transmits an ARQ message to the sender wherein the ARQ message 
includes a cumulative acknowledgment iq) to SO, a selective positive 
acknowledgment for S2 and S4, and a selective negative acknowledgment for SI, 

15 S3, andS5nS8. Upon receivii^ the selective positive acknowledgment for S2 and 
S4, the sender releases S2 and S4 from its buffer as shown. The sender then 
retransmits SI, S3 andSS-S8. The presence of die asterisk (*} next to S3, S6 and 
S7 is an indication that these PDUs are not successfully recei^ as a result of this 
retransmission. However, SI, 35 and S8 are successfolly received. 

20 Following the last retransmission, the input buffer at the receiver contains 

SI, S2, S4, S5 and S8 as shown. The receiver then transmits another ARQ 
message to the sender, wherein the ARQ message inchides a cumulative 
»:knowledgement up to S2, a selective positive acknowledgement for S4, S5 and 
S8, and a selective negative acknowledgement for S3, S6 and S7. Upon recelvmg 

25 this ARQ message, fte sender releases SI and S5, and discards S3. The 

determination to discard S3 is based npon, for example, a predefined number of 
retrai^missions or the expiration of a predefined period of time. Accordingly, the 
buffer at the sender now contains S6, S7 and S9 as shown. The sender now 
generates a discard-signaling PDU using S4 (identified as S4D), as it is the first 
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undiscarded PDU. It should be noted that in HG. 6 the discaid-signalhig FDU 
S4D is contained within a box. That box is intended to indicate that the data valid 
bit m the header portion of this PDU is reset, thereby indicating that the data 
contau^ m the payload portion of this PDU is to be ignored. In addition, the 
5 sender retransmits S6 and S7, and transmits for the first time S9. As indicated, S7 
and S9 are successfully received, while neither the discard-signaliog PDU S4D nor 
S6 are successfully received. 

The u^ut buffer at the receiver now contains SI, S2, S4, S5 and S7-S9. 
The receiver, in response, transmits an ARQ message to ttie sender which 

10 cumulatively acknowledges all PDUs up to S2, negatively acknowledges S3 and 
S6, and positively acknowledges S4, S5 and S7-S9. As the sender has now been 
notified that S7 and S9 have been successfijlly received, S7 and S9 can be released. 
However, due to the fact that ARQ messagie cumulatively acJmowledged up to S2 
only, the sender is cognizant of die &ct that the discard-signaUitg PDU S4D did 

15 not arrive at the receiver. Thus, the sender retransmits j54D, as well as S6. which 
was also not successfiilly received. Again, it should be noted that the discard- 
signaling PDU S4D is illustrated in HQ, 6 has being contained in a box, where the 
box indicates that the data valid bit in tiie header portion of this PDU is reset, 
thereby indicating that the data contained in the payload portion of this PDU is to 

20 be ignored. This lime, both S4D and S6 are successfully received, and as a result, 
the reoeivK performs a purge(4) operation, wherein S1-S3 are discarded. 
Moreover, as the receiver has now successfully received S4-S6 and S7-S9, Ihe two 
data packets associated witii these PDUs can be delivered to an upper network 
layer and an ARQ message can be transmioed back to die sender which mcludes a 

25 cumulative acknowledgment up to S9. 

The present invention lias been described with reference to a number of 
exenq)lary embodiments. However, it will be readily apparent to those skilled hi 
the art that it is possible to embody the invention m specific forms other than those 
described above witiiout departing from the spuit of the invention. The various 
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enibodiments are iUustrative, and they should not be considered restrictive in any 
way. The scope of the invention is given by tlie appended claims, rather than the 
preceding description, and all variations and equivalents thereof which fell wiflun 
the range of the claims are intended to be embraced therein. 
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WH4T IS CLAIMED IS: 

1. A method for discarding data units for Selective Repeat ARQ, said method 
coiiq>rising the steps of: 

S transmitting a first data onit from a sender to a receiver; 

initiating a first tinier in connection with said step of transmitting the first 
data unit; 

transmitting a second data unit from the sender to the receiver; 
initiating a second timer in connection with the second data unit being 
10 received; 

at the sender, discarding the first data unit if a time period corresponding to 
(he first timer esqnres before die sender receives an acknowledgment £Kim the 
receiver that the first data unit was received; and 

performing a purge operation at the receiver as a fimction of the second 
IS data unit, if a time period correspondiitg to the second timer expires before the 
first data unit is received. 

2. A method for discardmg data units for Selective R^eat ARQ, said method 
conq)rising the steps of: 

20 transmitting, firom a sender to a receiver, a plurality of data units, wherein 

each of said plurality of data units is associated with a common data packet, and 
wherein eadi of said data units is assigned a sequence number representing the 
order in which the corresponding data unit is transmitlBd: 

initiating a first thner in connection with the transmission of a first of said 

25 plurality of data nnits; 

initiating a second timer if one of said plurality of data units is received 
when the receiver is still es^ecting to receive a data unit having a sequence number 
that indicates that the data unit was transmitted before the one of said plurality of 
data units; 
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at the sender, discarding each of said pluraiiiy of data units associated with 
the connnon data packet if ai^ oi« of said plurality of data units has not been 
acknowledged as being received before a time period associated with tiie first timer 
expires; and 

5 at the receiver, performing a purge operation as a function of the one of 

said plurality of data units, if a time period associated with the second timer 
expires and the receive' is expecting to receive a data imit having a sequence 
number which indicates that it was transmitted before the one of said pluialiQr data 
units. 

10 

3 . A mediod for discarding data units for Selective Repeat ARQ, said method 

comprising the steps of: 

transmitting a phuality of data units from a sender to a receiver, wherein a 

timer is maimainfl d at the sfgider and a tjmer js fnamt^jn ^ at *h^- ryffdVCT, and 
15 wherein each of the plurality of data units is assigned a sequence nnmber 

representing the order m whidi the corresponding data unit is transmitted; 
at the sender, maintaining a variable HSS that represents the highest 

sequence number of any data unit that has been transmitted at a given point during 

a present cycle of the timer maintamed at the sender; 
20 at the receiver, maintaining two variables, HSRl and HSR2, wherein HSRl 

rq)resei]ts the hi^st sequence number of any data unit received at a given point 

during a present cycle of the timer maintained at the receiver, aiul wheiem HSR2 

rqiresents the highest sequence nmnber of any data unit received at a same pomt 

during a previous cyde of the timer maintained at the receiver; 
25 at the given point during each cycle of the timer maintained at the sender, 

discarding ai^ data unit at the sender tiiat has a sequence number less than the 

variable HSS and, thereafter, updating the variable HSS; and 

at the given point during each cyde of the timer maintained at the receiver, 

discarding any data unit having a sequence number less than the vari^le HSS2 
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and, thereafter, updating the variables HSRl and HSR2. 

4. A method fbr discarding data units for selective Repeat ARQ, wherein said 
method comprises the steps of: 

defuung a transmission window, wherein the transmission window 
represents a sequence of K number of data units which are eligible for transmission 
from a sender to a receiver, therein each data unit is assigned a sequence number 
which represents the order of transmission associated with the corresponding data 
unit; 

at the sender, discarding a data unit that is currently within the transmission 
wmdow, wherein tiie data unit has a sequence number that indicates the data unit 
was transmitted prior to all otiier data units cnnently in ihe transmission window; 

advancmg the transmission window forward; 

definmg a receiving window, wherem the receiving window represents a 
sequence of data units which the receiver has received or is expecting to receive; 
and 

if the receiver receives a data unit having a sequence number S, wherein 
tbt sequence number S is above the receiving window, performing a purge 
operation at the receiver as a fonction of the sequence muhber S-K+1. 

5 . A method for discarding data units for Selective Repeat ARQ, said method 
conqirising the steps of: 

transmittmg a phiralily of data units from a sender to a receiver, wherein 
said plurality of data units are associated with data packets, and wherein each data 
packet may be associated with one or more data units; 

at the sender, storing a first data unit associated with a data packet until the 
receiver completely acknowledges the data packet; 

discardmg one or more data units, at the sender, which have a sequence 
number mdicating that they were transmitted before said first data unit; 
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settmg a discard-bit in a header portion of said first data unit; 

transmitting said first data unit, with its discard-bit set, to the receiver, so 
as to notify tbs receiver that the one or more data units have been discarded at the 
sender; and 

5 performing a purge operation at die receiver as 8 function of a sequence 

number associated with said first data unit 
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